To examine the association between handgrip strength and mortality in older Mexican American men and women. DESIGN: A 5-year prospective cohort study. SETTING: Five southwestern states: Texas, New Mexico, Colorado, Arizona, and California. PARTICIPANTS: A population-based sample of 2,488 noninstitutionalized Mexican-American men and women aged 65 and older. MEASUREMENTS: Maximal handgrip strength, timed walk, and body mass index were assessed at baseline during 1993/94. Self-reports of functional disability, various medical conditions, and status at follow-up were obtained. RESULTS: Of the baseline sample with complete data, 507 persons were confirmed deceased 5 years later. Average handgrip strength Ϯ standard deviation was significantly higher in men (28.4 kg Ϯ 9.5) than in women (18.2 kg Ϯ 6.5). Of men who had a handgrip strength less than 22.01 kg and women who had a handgrip strength less than 14 kg, 38.2% and 41.5%, respectively, were dead 5 years later. In men in the lowest handgrip strength quartile, the hazard ratio of death was 2.10 (95% confidence interval (CI) ϭ 1.31-3.38) compared with those in the highest handgrip strength quartile, after controlling for sociodemographic variables, functional disability, timed walk, medical conditions, body mass index, and smoking status at baseline. In women in the lowest handgrip strength quartile, the hazard ratio of death was 1.76 (95% CI ϭ 1.05-2.93) compared with those in the highest handgrip strength quartile. Poorer performance in the timed walk and the presence of diabetes mellitus, hypertension, and cancer were also significant predictors of mortality 5 years later.
S
tudies predicting mortality in older people aim to identify risk factors enabling early intervention and effective treatment and rehabilitation to help increase active life expectancy and improve quality of life. 1 These factors include age, gender, physical and mental health, self-rated health, and lifestyle behaviors. [1] [2] [3] Decreased muscle strength in old age is related to functional limitations and upper and lower body disability. Factors associated with muscle weakness in upper and lower extremities in older people include decreased physical activity, lower hormone levels, lower body weight, undernutrition, chronic disease, and more medications to treat disease. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] Poor upper body muscle strength as measured by handgrip strength has been associated with disability in older people. [20] [21] [22] [23] Poor lower body function, as measured by tests of walking, balance, and chair stands, is associated with poor health status, physiological alterations such as low albumin and hemoglobin levels, poor muscle strength, obesity, physical inactivity, and mortality. 4, 18, [23] [24] [25] [26] [27] [28] [29] [30] [31] Nevertheless, only a limited number of studies have investigated the association of grip strength with mortality. The grip strength test is commonly used to evaluate the integrated performances of muscles by determining maximal grip force that can be produced in one muscular contraction, 32 and grip strength has frequently been used as a marker for general muscle strength. 10, 33 Laukkanen et al. 1 found a strong association between grip strength and mortality in a cohort of older people in Jyväskylä, Finland. Rantanen et al. 34 reported a gradient of decreasing mortality risk with increasing grip strength in a cohort of men living in Hawaii. Phillips et al. 35 found that reduced grip strength was associated with increased risk of mortality in women with acute illness. Fujita et al., 36 in health-promotion centers in Japan, found a rela-tionship between low grip strength and increased risk of death in men but not in women.
Little is known about muscle strength as a predictor of mortality in older Mexican Americans. The purpose of this study was to examine muscle strength estimated by handgrip strength as a predictor of mortality using a large population-based sample of older Mexican-American men and women over a 5-year period. Because of gender differences in muscle strength, the analysis was conducted separately for men and women. 4, 7, 9 
METHODS

Sample
Data employed are from the Hispanic Established Population for the Epidemiological Study of the Elderly (EPESE), a longitudinal study of Mexican Americans aged 65 and older, residing in Texas, New Mexico, Colorado, Arizona, and California. The Hispanic EPESE was modeled after previous EPESE studies conducted in New Haven, East Boston, rural Iowa, and North Carolina. 37 Subjects were selected by area probability sampling procedures that involved selection of counties, census tracts, and households within selected census tracts. Door-to-door screening yielded in-home interviews with 3,050 older Mexican Americans during the fall of 1993 and spring of 1994. The response rate was 83%, which was comparable with the other EPESE studies; 37 2,873 subjects were interviewed in person and 177 (5.8%) by proxy. When weighted for the actual number of older Mexican Americans in the fivestate area, the sample represents approximately 500,000 Mexican Americans aged 65 and older.
The present study used baseline data and data obtained at the 5-year follow-up assessment (1998/99). For the analysis, we include persons with complete data on the handgrip strength measure and other relevant variables at baseline. Of the 2,488 eligible subjects at baseline, 507 were confirmed dead 5 years later through Epidemiology Resources Incorporated using the Social Security Administration's Death Master Files and reports from relatives. Of the deceased, 261 (24.7%) were men and 246 (17.2%) were women; 193 (6.3 %) additional subjects were lost to follow-up.
MEASURES
Grip Strength Test
Using a hand-held dynamometer (Jaymar Hydraulic Dynamo-meter, model #5030J1, J.A. Preston Corp., Clifton, NJ) handgrip strength was measured in kg at baseline (1993/94). With subjects in a sitting position, with elbow resting on the table and palm facing up, the dynamometer was placed in their dominant hand. Grip size was adjusted so that they felt comfortable while squeezing the grip. Subjects then were instructed and verbally encouraged to squeeze the handgrip as hard as they could. A trained interviewer administered the test, and two trials were performed, with the higher of the two handgrip scores used for scoring purposes. Scores were divided into approximate quartiles, separately, for men and women. For men, a grip strength of less than 22.00 kg received a score of 1, 22.01 to 30.00 kg a score of 2, 30.01 to 35 .00 kg a score of 3, and 35.01 kg or more a score of 4. For women, a grip strength of Ͻ 14.00 kg received a score of 1, 14.01 to 18.20 kg a score of 2, 18.21 to 22.50 kg a score of 3, and 22.51 kg or more a score of 4. The hand-held dynamometer has been shown to be a reliable and valid instrument in older persons. 8, 13, 38, 39 Functional Disability Functional disability was assessed using seven items from a modified version of the Katz activities of daily living (ADL) scale 40 and 10 items from the instrumental activities of daily living (IADL) scale. 41 ADLs include walking across a small room, bathing, grooming, dressing, eating, transferring from a bed to a chair, and using the toilet. The original version of the Katz ADL scale 42 was modified by removing continence, because incontinence may be present in individuals who otherwise display no disability, and by adding grooming and ability to walk across a small room. Subjects were asked whether they could perform the ADL activity without help, if they needed help, or if they were unable to perform the activity. For the analysis, ADL disability was dichotomized as no help needed versus needing help with or unable to perform one or more of the seven ADL activities. IADLs include use of the telephone, driving a car or being able to travel alone, going shopping for groceries/clothes, preparing meals, doing light housework, taking medicine, handling money, doing heavy work around the house, walking up and down stairs, and walking half a mile. Subjects were asked to indicate whether they could perform the IADL activity alone or needed help performing the activity. For the analysis, IADL disability was dichotomized as no help needed versus needing help to perform one or more of the 10 IADL activities.
Performance-Based Measures of Mobility
In this analysis, we used an 8-foot timed walk as a measure of mobility. This measure has been shown to be the most discriminating lower body measure of future functional ability 31 and was a strong predictor of short-term mortality 29 in the present sample. An 8-foot walk was timed twice to the nearest second with the faster of the two walks used for scoring purposes. 31 Scores were divided into approximate quartiles. A time of 9.0 seconds or longer received a score of 1, 6.0 to 8.0 seconds a score of 2, 4.0 to 5.0 seconds a score of 3, and 3.0 seconds or less a score of 4; higher scores indicate faster walking speed. The 8-foot walk measure has demonstrated a high test-retest reliability. [43] [44] [45] Covariates Baseline sociodemographic variables include gender, age (65-74, 75-84, Ն 85), marital status, years of education (0, 1-6, 7-11, Ն 12), and language of interview (Spanish or English). The presence of various medical conditions was assessed with a series of questions asking subjects whether a doctor had ever told them that they had arthritis, diabetes mellitus, heart attack, hypertension, stroke, cancer, or hip fracture. Body mass index (BMI) was computed by dividing weight in kilograms by height in meters squared. Anthropometric measurements were collected in the home using the methods and instructions employed in other EPESE studies. Height was measured using a tape placed against the wall and weight using a Metro 9800 measuring scale (Metro Corp., Las Cruces, NM). Four BMI categories were created: less than 22 kg/m 2 , 22 kg/m 2 to less than 26 kg/m 2 , 26 kg/m 2 to less than 30 kg/m 2 , and 30 kg/m 2 or more. Persons with BMIs of 30 or more were considered obese. 46 Smoking status was assessed by asking subjects whether they were a never smoker, current smoker, or former smoker.
Analysis
Five-year mortality was examined using Cox proportional hazards survival analysis separately for men and women. Handgrip strength quartiles were used to calculate the hazard ratio (HR) of death, controlling for sociodemographic variables, functional disability, timed walk, medical conditions, BMI, and smoking status at baseline. Three hierarchical models assessed mortality. In Model 1, handgrip strength quartiles were included along with age. In Model 2, functional disability and timed walk were added. In Model 3, the sociodemographic variables, smoking status, medical conditions, and BMI categories were added. We also analyzed handgrip strength as a continuous variable to investigate whether there was a gradient of risk on mortality. All analyses were performed using the SAS System for Windows, Version 8 (SAS Institute, Inc., Cary, NC). Table 1 presents baseline characteristics of the sample by gender. The average age was 72.8, and 57.6% of the sample was female. Over half of the sample was currently married, and 90% had less than a high school education. Arthritis, hypertension, and diabetes mellitus were the most common medical conditions for both men and women. Handgrip strength average was lower in women than men. Women were more ADL and IADL disabled than men and more obese. Table 2 shows 5-year mortality by handgrip strength quartiles for men and women. Over the 5-year follow-up period, 261 (24.7%) men and 246 (17.2%) women died. Of the 261 men and 246 women, 38.7% and 41.5%, respectively, were in the lowest handgrip strength quartile. Tables 3 and 4 present the results of Cox proportional hazards analysis of mortality as a function of handgrip strength, adjusting for sociodemographic variables, smoking status, functional disability, performance-based measures of mobility, selected medical conditions, and BMI for men and women. Model 1, in Table 3 (men only), shows the HR of death associated with handgrip strength quartiles controlling for age. There was a significant gradient of risk for death in men in the lowest handgrip strength quartile compared with the highest handgrip strength quartile. The HR was 2.47 (95% confidence interval (CI) ϭ 1.63-3.73) for those in quartile 1 (lowest), 1.71 (95% CI ϭ 1.13-2.60) in quartile 2, and 1.22 (95% CI ϭ 0.77-1.91) in quartile 3 when compared with men in quartile 4 (strongest). In Model 2, functional disability and timed walk were added. The greatest risk of death was found in men in the lowest two quartiles. In Model 3, sociodemographic variables, smoking status, medical conditions, and BMI were added. The greatest risk of death was found in men in the lowest two quartiles. Poorer performance in timed walk and the presence of diabetes mellitus, hypertension, and cancer were also significant predictors of death in men. Handgrip strength was also used as a continuous variable. Each 1-kg increase in handgrip strength was associated with a 3% decreased risk of mortality (HR ϭ 0.97, 95% CI ϭ 0.95-0.98) after adjusting for variables in Model 3. Table 4 (women only), shows the hazard of death associated with handgrip strength quartiles controlling for age in women. There was a significant gradient of risk for death among women in the lower handgrip strength quartile compared with those in the higher handgrip strength quartiles. The HR was 2.89 (95% CI ϭ 1.87-4.49) for those in the quartile 1 (lowest), 1.91 (95% CI ϭ 1.22-3.01) in quartile 2, and 1.53 (95% CI ϭ 0.97-2.44) in quartile 3 when compared with women in the quartile 4 (strongest). In Model 2, functional disability and timed walk were added. The greatest risk of death was found among women in quartile 1 when compared with those in the last three quartiles. In Model 3, sociodemographic variables, smoking status, medical conditions, and BMI were added. The greatest risk of death was found among women in quartile 1 when compared with those in the last three quartiles. Poorer performance in timed walk, diabetes mellitus, hypertension, and cancer were also significant predictors of death among women. Handgrip strength was also used as a continuous variable. Each 1-kg increase in handgrip strength was associated with a 3% decrease risk of mortality (HR ϭ 0.97, 95% CI ϭ 0.94-0.99) after adjusting for variables in Model 3.
RESULTS
Model 1, in
DISCUSSION
We found a strong association between handgrip strength and mortality among men and women over a 5-year period in older Mexican Americans. The association remained after controlling for sociodemographic variables, smoking status, functional disability, performance-based measures of mobility, various medical conditions, and BMI. The results are consistent with earlier findings on the association between handgrip strength and risk of mortality. 1, [33] [34] [35] The choice of handgrip strength as a measure of muscle strength was based on several studies 1, 4, 6, 7, 10, 11, 13, 16, 17, 22 in which handgrip strength was used as an overall measure of muscle strength and because it is reliable, valid, and easy to administer. 8, 13, 38, 39 Several factors, such as decreasing physical activity, lower levels of hormones such as testosterone or cortisol, lower body weight, presence of chronic disease, and change in aging muscle itself are known to contribute to the loss of grip strength with age. 4, [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] Diseases common in old age, such as coronary artery disease, chronic obstructive pulmonary disease, malignancy, osteoarthritis of the hand, and falls are associated with loss of strength and disability, an established risk factor for mortality. 2, 3, 20, 28, 29 Furthermore, a positive association has been found between grip strength and bone density. For example, KritzSilverstein et al., 15 in a study of older women, found a significant positive association between grip strength and bone density at all sites, after controlling for age, obesity, exercise, cigarette smoking, thiazide use, arthritis, number of years postmenopause, and estrogen use.
Older Mexican Americans have high rates of diabetes mellitus, low rates of physical activity, and high rates of disability. 47 One study found a negative cross-sectional association between handgrip dynamometer and fasting insulin level after adjustment for potential confounders, which suggests that decreased muscle strength may serve as a marker for the risk of increased insulin resistance as indicated by hyperinsulinemia. 14 An important contribution of this study was the strong influence of handgrip strength on mortality. This association was as strong as the association of diabetes mellitus, hypertension, and cancer with mortality. In addition to handgrip strength being a predictor of mortality, we found that the timed walk was a strong predictor of mortality over 5 years. Handgrip strength and the timed walk are objective, practical, safe measures that clinicians can use as screening instruments for morbidity and mortality. Decreased grip strength and slower walking speed may be useful indicators of subclinical fragility or disability in older populations.
Our study has some limitations. First is generalizability to other populations. Older Mexican Americans are more disabled than non-Hispanic whites and have differing prevalence rates for some diseases than other ethnic groups. 48 Second, we were limited to self-reports of medical conditions.
In conclusion, we found that handgrip strength was highly predictive of mortality in older Mexican Americans and that this association was independent of relevant risk factors. Consequently, increasing strength by physical activity and exercise programs in this age group may have a favorable effect on functional capacity. It is essential to continue efforts to study muscle strength to provide information for purposes of diagnosis and prognosis and for the planning of prevention, rehabilitation, care, and treatment. Additional research is needed to help us understand 
